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ElectroUlermalAtomicAbsorptionSpectrometricDetemlination 
o丘Ｃａｄｍｉｕｍａ仇erCoprecipitationwithNickel
Dietllyldithiocarbamate 

HirotoshiSAToandJoichiUEDA 

RJc"/jyq/､〃"carjo",肋ＭａｗａＩ/7zjvem肌肋k"ｍα"mcAj,肋"αZawa920-〃92,ＪｎＰｑ〃

Nickeldiethyldithiocarbamate(nickelDDTC)coprecipitatedquantitativeｌｙ３－９０ｎｇｏｆｃａｄｍｉｕｍｉｎｕｐｔｏ５００ｃｍ３ｏfthe 

samplesolutionatpH40-1L5・Thecoprecipitantcouldbeeasilydissolvedwithnitricacid(1＋1)andacetone,and3-

90ngofcadmiuminthefinalsolution（１０ｃｍ3)couldbedeterminedbyelectrothermalatomicabsolptionspectrometry、

Ｔｈｅｐｅａｋｈｅｉｇｈｔｏｆｃａｄｍｉｕｍｉｎａｔｏｍｉｃabsorbancemeasurementsremainedalmostconstant,eveniflargeamountsof 
nickelDDTC（ｕｐｔｏａｔｌｅａｓｔｌＯｍｇａｓｎｉｃｋｅｌａｍｏｕｎｔ）wereusedfOrthecoprecipitation・Thedetectionlimt

(signaUnoise=2)ｗａｓｌ２ｐｇｃｍ－３ｏｆｃａｄｍｉｕｍｉｎ５００ｃｍ３ｏｆtheinitialsamplesolution，The32diverseionsinvestigated 
didnotinterferewiththedetenninationinatleastalOOO-fOldmassratiｏｔｏｃａｄｍｉｕｍ・ＴｈｅｐｒＯposedmethodwas

successfUllyappUedtothedetenninationoftraceamountsofcadmiuminriverandseawater． 

(ReceivedNovemberl,1999;AcceptedDecember20,1999） 

traceamountsofcadmiuminwaterwithnickelDDTCandfOran 

electrothennalatomicabsorptionspectrometricdeterminationof 
cadmium． 

CoprecipitationhasbeenwidelyusedfOrthepreconcentrationof 
tracｅｃａｄｎｕｍｉｎｗａｔｅｒ,associatedwithvariousdetermination 

techniques、Incombinationwithelectrothennalatomicabsorption

spectrometly,whichispronetosufferfromamatrixeffect,itis 
desirabletousesuchacoprecipitantsothattheseparationfactor 
fbrthealkaliandalkalineearthmetalsissufficient，andthe 

presenceofthecop妃cipitant,itselfdoesnotcausebackground
absolptionThistime，wehaverecognizedthatnickel 
diethyldithiocarbamate(nickelDDTC),whichhasbeenproposed 

tobeacoprecipitantfbrlead,lisanexcellentcollectorfOrtrace 
amountsofcadmiumandhardlycoprecipitatesmatrixions， 
suchasalkaliandalkalineearthmetals；also,ｔｈｅｕｓｅｏｆｎｉｃｋｅｌ 

ＤＤＴＣｄｏｅｓｎｏｔｃａｕｓｅinterferenceintheelectrothermalatomic 

absolptionspectrometricdetenninationofcadmiumFurther， 

thiscoprecipitantcanbeeasilydissolvedwithnitricacid（l＋1） 
andacetonewithoutanydigestionorheating,thussuggestinga 

simpleprocedurefOrcadmiumdetennination・

Forthepleconcentrationofcadmiumpnortoanelectrothennal 
atomicabsorptionspectrometricdetennination，several 

coprecipitants,suchashydroxidesofiron(Ⅲ),２hafilium,3and 
indium,４７pyrrolidinedithiocarbalnate（ＡＰDC）ofcobalt,８ 

copper,9Joandiron(Ⅲ),，,IoandzincDDTClu2havebeen 
proposeduptonowHowever,themethodusingiron(Ⅲ） 
hydroxide2cannotavoidthecoprecipitationoflargeamountsof 
alkalineearthmetals，whichmayinterfelCwiththecadmium 

detennination・Alsothatusinghafniumhydroxideisexpensive・

Althoughindiumhydroxide3-6isanexcellentcollector,indium， 

itself,causesseriousbackgroundabsorptionThus,toeliminate 

backgroundabsorption，theminimalamountofindiumused,4,6 
andthevolatilizationofindiumasbromideduringtheashing 

stageinmepresenceofthiourea,5,7havebeentriedTheuseof 

cobaltAPDC8requiresalongdigestionoftheprecipitateinolder 

tosimplifythesamplematrix、APDCofcopperandiron(Ⅲ)，｡Ｉｏ
ａｎｄｚｉｎｃＤＤＴＣｌＬ１２ｉｓａｌｓｏｄｉｓｓｏlvedonlyslowly・Themethod

proposedheIeovercomesthoseweakpoints・Thispaper

describesthefUndamentalconditionsfOrthecoprecipitatiｏｎｏｆ 

Experimental 

Ａｐｐａｍ“s 

AHitachil70-70Zeemanatoncabsorptionspectrometer 

withaHitachicadmiumhollow-cathodelampwasusedfOr 

atomicabsorpnonmeasurements・Theoptimumoperation
conditions，whichwerestudiedusingasolutionobtainedby 

coprecipitationaccordingtothereconmendedprocedurefroma 
distiUedwatercontaining50ngofcadmium,ａｒｅｓｕｍｍａｒｉｚｅｄｉｎ 

ＴａｂｌｅＬＦｏｒｔｈｅｐＨｍeasurements，aToaModelHM-5BS 

glass-electrodepHmeterwasused． 

Ｒｅａｇｅｍｓ 

ＣＭｍｊｚｕｍα"。〃jcAeﾉsomrio"s、ＡＳＯlutioncontainingaboutl

mgcm-3ofcadmiumornickelwaspreparedbydissolving 
guaranteedreagent-gradｅｍｅｔａｌｎｉｔｒａｔｅｉｎａｓｍａｌｌａｍｏｕｎｔｏｆ 

TnblelOperatingconditionsfOratomicabsolptionspectrometry 

228.8ｎｍ 

ｌＯｍＡ 

Ｎｏ､３(2.2ｎｍ） 

Analyticalwavelength 

Lampcurrcnt 
Slitwidth 

Argongasflowrate 

Sheathgas 

Carriergas 

Injectionvolume 
Cuvette 

３dm3min-l 

Odm3min-l 

10mm3 

uncoatedtubetype 

graphitefUmace 
21A(cα､150℃),４０ｓ 

５０Ａ(cα､400°Ｃ),９０ｓ 

180Ａ(cα2000°Ｃ),５ｓ 

Dryingconditions 

Ashingconditions 

Atomizingconditions 
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Table2Effectofdiverseionsonthedetenninationof50ngof 
cadmium 

Ⅱ
 

０
 

５
 

１
 率
｜
屋
乞
星

Massratioa 

Uon]／[Cd］ 
IC、

Ｎａナ

Cl-

Kナ

Mg2+,Ｃａ2＋ 
BIF,1-,ＳＯ４２￣ 
F 

PO43-

Li+,Ｓｆ+,Ｂａ2+,Ａｌ3+,Ga3十,1,3+,Sn4+，

pb2+,Sb3+,Ｂｉ3+,Ｃｕ2+,Ｚｎ2+,La3+,Ｃｅ3+， 

Zr4+,Th4+,Movl,Ｗｖ',Cr3+,Ｍｎ2+， 

Fe3+,CCZ+,Ni2＋ 

1200000 

1000000 

500000 

250000 

100000 

10000 

２０００ 

１０００ 

０ 
1２ ８ ４ 

pＨ 
P夕

FiglEffectofthepHontherecoveryofcadmiumfiPomaboutlOO 
cm3ofsamplesolutioncontaining50ngofcadmiumaccordingtothe 
recommendedprocedure． Thecoprecipitationwascamedoutfromabout80cm3ofthesolutionata 

pHofabout9 
aTheelTorsarewithin±5％． 

concentratednitricacidanddilutingwithdistilledwater・The

concentrationsofbothcadmiumandnickelweredeterminedby 

chelatometrictitrationusingXylenolOrangeandMurexideas 

indicators,respectively・
DD7CsolMtjo肌Aboutａ２％DDTCsolutionwasprepared

bydissolvingsodiumsaltofDDTC(Wako,AAS-reagentgrade） 
indistilledwaterandfilteringoutanyinsolublemateriaL 
Allotherreagentsusedwereofguaranteedreagentgrade． 

cm3ofthesamplesolutionSincetheatomicabsorptionof 

cadmiumwasnotaffectedeveniflOmgofnickelwasusedfOr 

thecoprecipitation，３mgofnickelwasusedinsubsequent 

experiments． 

Eｶﾞi2c/q/Zheamo皿"rqmD7C、ＴｈｅｕｓｅｏｆｕｐｔｏａｔｌｅａｓｔｌＯ

ｃｍ３ｏｆａ２９６DDTCsolutionslightlyaffectedthecadmium 

absolption・ＤＤＴＣｒｅａｃｔｓｗｉｔｈｎｉｃｋｅｌｔｏｆＯｎｎａ２:１complex・

Thus，Ｚｃｍ３ｏｆａ２９６ＤＤＴＣｓｏｌｕｔｉｏｎ，whichcorrespondsto 

about3-times(asamoleratio)of3mgofnickeLwasused． 

Zﾘｸﾞi2aqMesm"｡』"g伽eqf伽ｐ”cjp加花．Therecoveryof

cadmiumwashardlyinfluencedbythestandingtimeofthe 

precipitate、Thus，analmostcompleterecovelywasobtained

fromafewminutestoatleast3hofstanding 

Djssoﾉ""o〃q/"jc1MDD7C・Thep１℃cipitateofnickelDDTC

didnotdissolvecompletelyincommonmineralacidsatroom 

temperature・However,wehaverecognizedthattheprecipitate

easilydissolvedwithoutanyheating,addingnitricacid（1＋1)， 

fOllowedbytheadditionofacetoneafewminuteslater・In

nitricacid（1+l),theprecipitatedissolvedpartiaUy,mrningits 

colorgraduallyfromyellowish-greentobrown、Bytheaddition

ofacetone,itdissolvedcompletely,withthesolutionbeconmng 
colorlessturbidatfirst，andthenclearwithinafewminutes、

Boththecolorlessturbidandclearsolutionsdidnotcauseany 

seliousbackgroundabsorption，ａｎｄｃｏｕｌｄｂｅｕｓｅｄｔｏｍｅａｓｕｒｅ 
ｔｈｅａｔｏｍicabsorbanceofcadmium-

Anadequateconcentrationrangeofnitricacidfbrthe 

dissolutionofthepreｃｉｐｉｔａｔｅｗａｓ５－１０ｍｏｌｄｍ－３，andthe 
necessaryamountofacetoneｗａｓｍｏｒｅｔｈａｎＯ５ｃｍ３，Ｗｈｅｎ 

concentratednitricacidwasadded，ｔｈeprecipitatechanged 
colorfromyellowish-greentobrown，butdidnotdissolvein 

acetone，Inthecaseofdilutednitricacid，theprecipitate 
remainedunchangeｄａｓｉｔｗａｓ，andalsodidnotdissolvein 

acetonelnthisexperiment,１cm3eachofnitricacid（1＋1）and 

acetonewasusedfOrdissolutionoftheprecipitate，sincethe 

additionofO5-4cm3ofnitricacid（1+1）ａｎｄｕｐｔｏ４ｃｍ３ｏｆ 
ａｃｅｔｏｎｅｄｉｄｎｏｔａｆｆｅctthecadmiumabsoIption． 

RecommeMCdpmced"'ae 

Toasamplesolution(ｕｐｔｏ５００ｃｍ３)containing3-90ngof 
cadmium，３ｍｇｏｆｎｉｃｋｅｌｉｓａｄｄｅｄ,ｆＯｌｌｏｗｅｄｂｙ２ｃｍ３ｏｆ２％ 
DDTCsolutionwithstirring・ThepHofthesolutionisadjusted

toabout9withaqueousammonia(1+2),measuringitwithapH 
meter・AfterthesolutionisallowedtostandfOrafewminutes，

theprecipitateiscollectedona3G4sintered-glassfilterand 
washedwithasmallamountofdistiUedwater、Then，１cm3of

nitricacid(1+1)ispouredontotheprecipitate，hthenitricacid 
(1＋1)，theprecipitateispartiallydissolved，tumingitscolor 
graduallyfromyellowish-g1℃entobrownAfewminuteslater,１ 
ｃｍ３ｏｆａｃｅｔｏｎｅｉｓａｄｄｅｄｆｂｒｃｏｍｐｌｅｔｅdissolutionofthe 

precipitate;ａｓｏｌｕｔｉｏｎｉｓｔｈｅｎｍａｄｅｕｐｔｏｌＯｃｍ３ｗｉthdistilled 
water、TY1eatomicabsorbanceofcadmiumismeasuredunderthe

operatingconditionsgiveninTableLAblankusingdistilled 

waterisrunaccordingtothesameproceduleasfOrthesample 
solution． 

ResultsandDiscussion 

SmcbW'heop伽"、ＣＯ"djrjo"s/brc〃'℃ＣＩＰ伽"o〃

た1ｶﾞｾcrq/ｐＨo〃COP花cjpjrα"o〃TheeffectofthepHonthe

coprecipitationwithnickelDDTCwasstudiedwithasolution 
containing50ngofcadnum・ＡｓｔｈｅｒｅｓｕｌｔｓｓｈｏｗｎｉｎＦｉｇｌ，
themaximumandalmostconstamrecoverieswereobtainedin 

thepHrange４．０－１１．５．TheprecipitateofnickelDDTC 
obtaｉｎｅｄａｂｏｖｅａｐＨｏｆａｂｏｕｔ８ｗａｓｂｕｌｋｙ，ａｎｄｈｅｎceeasily 
handledTherefOre,thepHwasadjustedtoabout9､Owith 

aqueousammonia(1+2)infUrtherexperiments、
Ziｸﾞigcrq／伽α､o""ｒｑ／ＣＯＰ”cjp伽"ⅢAccordingtothe

recommendedprocedure,thenecessaryamountofnickelDDTC 
fOrcoprecipitationwasexaminedwithasamplesolution(５０－ 
５００ｃｍ3)containing50ngofcadmium・Therequiredamount
ofnickelDDTCfOrthequantitativecoprecipitationincreased 

alongwithincreasingthesamplevolume;also,complexationof 
ＺｍｇｏｆｎｉｃｋｅｌｗｉｔｈＤＤＴＣｗａｓnecessaryfOrmorethan300 

Ｑｚﾉﾉ６ｍ"o〃ｃ"ハノe

AstraightlinepassingthroughtheoriginwasobtainedfiPom3 

to90ngofcadmiuminthefinalsolution（１０ｃｍ3）usingthe 

reconmendedprocedure、Ｔｈｉｓcalibrationcurvewasalmostthe

saｍｅａｓｔｈａｔｗｈｉｃｈｗａｓｐｒｅｐａＩｅｄｗｉｔｈoutthecoprecipitation 

procedure,usingastandardsolutioncontainingvanousamount 

ofcadmium,3mgofnickeL2cm3of2%DDTCsolution,1ｃｍ3 
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Table3Recoveryofcadmiumfmmspikedwatersamples Tnble4Resultsofthedetenninationofcadｍｉｕｍｉｎｒｉｖｅｒａｎｄｓｅａ 
ｗａｔｅｒ 

Sample 
volume/Cｍ３ 

Cdadded／ 

、９

CdfOund／ 

、９

ＲＳＤ， 

９ｌｂ Calibration 

method 

Standardaddition 

method 
Locationof 

samplingpoint 

Riverwatera 

５００ 

Ｓ００ 

Ｔａｐｗａｔｅｒａ 
５００ 

S00 

Seawater 

５００ 

５００ 

３ 

９０ 

2.95 

88.7 

1４．３ 

５．５ 

CdfOundノ

ｎｇｃｍ－３ 

CdfOund/ 

ｎｇｃｍ－３ 

３ 

９０ 

2.86 

89.9 

1１．９ 

６．２ 

Kakehasiriver 

Shorenji 

Yusenji 
Nomiohashi 

0.088 

0.048 

0.040 

0.092 

0044 

0.044 Ｚ９Ｉｂ 
８６９ｂ 

３ 

９０ 

1３．７ 

６．３ 
、

Seashore 

Kanaiwa 

Ohno 

UchirI2d2 

Therecovenesobtainedaretheaverageofthl塵1℃plicatedetenninations．
a・Ａｍｏｕｎｔｓｏｆｃａｄｍｉｕｍｉｎｒｉｖｅｒａｎｄｔａｐｗaterwerelessthanthe
detectionlimitoftheproposedmethod 

bRecovenesofcadmiumwerecalculatedbysubtractingthepeakheight 
duetoseawateralonefiPomoneduetoseawaterspikedwitｈｃａｄｍｉｕｍ． 

0.025 

0019 

0.026 

0.028 

0.023 

0.023 

Theresultsobtainedaretheaverageofduplicatedeterminations・The
samplevolumetakenwas300cm3． 

ofnitricacid（1＋1),ａｎｄｌｃｍ３ｏｆａｃｅｔｏｎｅｉｎｌＯｃｍ３，The 

relativestandarddeviationwaｓ5.5296ｆＯｒ５０ｎｇｏｆｃａｄｍｉｕｍｉｎ 
ａｂｏｕｔ３００ｃｍ３ｏfthesamplesolution(fOurdeterminations);and 

thedetectionlimit(signaltonoiseratiooftwo)ｗａｓＬ２ｐｇｃｍ－３ 
ｏｆｃａｄｍｉｕｍｉｎ５００ｃｍ３ｏｆtheinitialsamplesolution． 

additionmethodswereingoodagreement． 
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肋陀'ﾌﾟ12花"CeS

Theinnuenceof33diverseionswａｓｓｔｕｄｉｅｄｕｓｉｎｇ５０ｎｇｏｆ 
ｃａｄｍｉｕｍｉｎａbout80cm3ofthesamplesolution、Table2shows
thatlargeamountsofsodium,potassiummagnesium,calcium， 

nuoride,chloride,bromide,iodide,sulfate,andphosphatedidnot 
interferewiththedetermination・Ｎｏｏｔｈｅrionstestedproduced
anyseriousinterferenceeffect，evenataconcentrationlOOO-

timesthemassofthecadmiumpresent． 

hcoVeひq/、c伽"、伽mspjlcedwa花rsa叩化s

Theutilityofthepresentmethodwasevaluatedbyexamining 
therecoveryofcadmiumfromriver,tap,andseawatersamples 
spikedwithcadmiumTheobtainedlcsultsaregiveninTable 
3,indicatingthattheproposedmethodisapplicabletoanalyses 
ofwaterｓａｍｐｌｅｓｃontainingdownto6pgcm-3ofcadmiumin 
500cm3oftheinitialsamplesolution 
Basedontheresultsobtainedfromaboveexpenments，the 

detenninationofcadmiuminriveｒａｎｄｓｅａｗａｔｅｒ（locatedin 

lshikawaprefecture）wastriedThesampleswerefiltered 
throughaToyoRoshiTM-2pmembranefilter(poresizeO45 
Um)andanalyzedassoonaspossibleaftersamplingAsshown 
inTable4,theresultsobtainedbythecalibrationandstandard 

⑥ 


